Background: Google Trends (GT) searches trends of specific queries in Google, which potentially reflect the real-life epidemiology of allergic rhinitis. We compared GT terms related to ragweed pollen allergy in American and European Union countries with a known ragweed pollen season. Our aim was to assess seasonality and the terms needed to perform the GT searches and to compare these during the spring and summer pollen seasons. Methods: We examined GT queries from January 1, 2011, to January 4, 2017. We included 15 countries with a known ragweed pollen season and used the standard 5-year GT graphs. We used the GT translation for all countries and the untranslated native terms for each coun- try. Results: The results of "pollen," "ragweed," and "allergy" searches differed between countries, but "ragweed" was clearly identified in 12 of the 15 countries. There was considerable heterogeneity of findings when the GT translation was used. For Croatia, Hungary, Romania, Serbia, and Slovenia, the GT translation was inappropriate. The country patterns of "pollen," "hay fever," and "allergy" differed in 8 of the 11 countries with identified "ragweed" queries during the spring and the summer, indicating that the perception of tree and grass pollen allergy differs from that of ragweed pollen. Conclusions: To investigate ragweed pollen allergy using GT, the term "ragweed" as a plant is required and the translation of "ragweed" in the native language needed.
Introduction
For patients allergic to pollen, knowledge regarding the onset and duration of the pollen season is of great importance [1] [2] [3] . It is therefore essential to be able to forecast the onset of the pollen season as well as to characterise seasons in different places. Sentinel networks offer the potential to meet this need [4] [5] [6] [7] . Pollen counts can forecast the exposure to pollen [8] . The assessment of allergen content in the air is feasible [9] , but requires sophisticated methods that may not account for all of the pollen species in the ambient air. Furthermore, measurements at the individual level are challenging and expensive, although feasibility has been demonstrated through some wearable devices. Meteorological data may, in the future, be of interest when it comes to predicting the onset of the season [10] . However, more data are required. Combining several sources of information using advanced data engineering may also be important, but the data generated are complex and not yet available for all pollen species [4] [5] [6] [7] 11] .
Since forecasting remains a limited option, real-time epidemiological monitoring is an alternative. Google Trends (GT) is a web-based surveillance tool that uses aggregated Google searches to summarise the searching trends of specific queries. Recent studies have suggested the utility of GT for assessing the seasonality of allergic diseases [12] [13] [14] [15] [16] [17] and for detecting influenza epidemics [18] . GT data may closely reflect the real-world epidemiology of allergic rhinitis (AR) and could potentially be used as a monitoring tool for AR [19] . However, besides the translation of the terms in different languages, cultural differences and different methods of accessing knowledge exist between countries and the same terms are not used similarly in all countries [20] . Moreover, for the development of a pan-European sentinel network, these terms should be clearly defined [1] .
Ragweed is a highly allergenic pollen and its expansion in several countries is inducing increasing health issues [21] . The present study was conceived as a preliminary step to explore the use of GT in the epidemiological surveillance of AR. We sought to assess whether there were differences in the Google searches of AR and related topics for ragweed pollen allergy. We analysed multiple time series of Google search data on rhinitis, allergy, and pollen in Europe and North America from January 1, 2011, to January 4, 2017, with a focus on ragweed pollen allergy. The specific aims of the study were: (i) to assess whether the GT terms could accurately report both the onset of symptoms and of the ragweed pollen season accurately, (ii) to examine whether the GT translation of "ragweed" could be used without assessing the term in the native language, and (iii) to compare the seasonality of queries in American and European countries.
Methods

GT Terms
GT, a public web facility of Google Inc. based on Google Search, shows how often a particular search term is entered relative to the total search volume across various regions of the world and in various languages. The horizontal axis of the main graph represents time (starting from 2004), and the vertical axis shows how often a term is searched relative to the total number of searches globally (https://trends.google.com).
The following terms were used: "rhinitis," "allergic rhinitis," "hay fever," "pollen," "allergy," and "asthma" (disease and term). However, only the following 3 terms were analysed: "allergy," "hay fever," and "pollen," since "rhinitis" as a term or "hay fever" were labelled as "allergic rhinitis as a disease." "Asthma" and "conjunctivitis" were not selected as we found no seasonality associated with pollen in previous analyses [unpubl. observation] . Only "diseases" and "subjects" are translated by Google Translator (https:// translate.google.com), whereas "terms" or "terms of research" are not translated directly. The GT terms for ragweed pollen include "gender," "plant," and "subject." We tested the 3 terms and "gender" was the term needed to assess the ragweed pollen season in all countries tested. Moreover, we used "ragweed" as a GT translation and with the native languages of the countries studied.
In GT, data are normalised to the highest number of searches for each topic. A score of 100 meant that, on that day, the topic had the highest number of searches over the reference period included in the search (5 years in the present study) in that particular place. Comparisons across different areas should therefore be considered with care since the score in each area depends on the series of searches during the reference period in that area. Moreover, a high level of search (e.g., "allergy") reduces the level of the other searches. To account for this issue, we performed searches that included and excluded "allergy."
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Selection of Countries
Countries with a population with a known allergy to ragweed pollen were studied (online suppl. Table 1 ; for all online suppl. material, see www.karger.com/doi/10.1159/000488391). They were European countries defined in a recent paper [22] , former Yugoslavian countries [23] , Canada, Russia, the USA, and Ukraine [24] .
Analyses
We used the 5-year GT graphs to examine GT queries from January 1, 2011, to January 4, 2017, in American and European countries with a known ragweed pollen season. A visual analysis was carried out (J.B.) to assess the seasonality of ragweed pollen allergy.
Cultural differences exist between countries. Terms are therefore not used in the same way from one country to the next [20] . We compared the country patterns (based on seasons) with the mean 5-year terms provided by GT, slightly modified from a previous paper in European countries (Table 1 ) [20] . This classification was only carried out in the summer in countries with consistent "ragweed" queries. Moreover, the patterns had to be consistent for 4 of the 5 years surveyed. We did not compare the results of the 5-year trends with those of 1 year or less, since the goal of the paper was not to define whether GT can be used as a sentinel, but to assess whether there are differences between terms across the 15 countries of interest.
Results
GT Terms Reporting Symptoms or the Pollen Season
The 5-year GT are presented in Figures 1 and 2 and in online supplementary Figures 1 and 2 . When the term "allergy" was searched, different patterns could be observed at the country level. In Austria and France, the term "ragweed" was largely used, but this did not always correlate with "allergy" peaks during the corresponding "ragweed" search peak. In Canada, Croatia, Hungary, and the USA, the term "ragweed" appeared to be less frequently searched, but there was a peak of "allergy" during the "ragweed" search peak. Using the GT translation, many countries did not have a ragweed peak. In Italy, we conducted the search for "Lombardia" (Lombardy) and the results were identical to the whole country (not shown).
GT Translation of "Ragweed" into the Native Language
We then searched for the term "ragweed" in the native language and major differences were observed in Croatia, Serbia and Slovenia (ambrozija), Hungary (parlagfü), and Romania (ambrozia; Fig. 2 ; online suppl. Fig. 2 ). In all of these countries, the searches were considerably different when the native language was used compared to the GT translation. This indicated that there were inadequate translations for some of the terms using GT. The terms in Cyrilic (Bulgaria) or Greek (Greece) were not searchable. For Germany, Italy, and the Netherlands, there were no differences between GT and manually translated terms. In all countries except Bulgaria, Greece, Italy, and the Netherlands, the ragweed pollen season could be demonstrated every year during the 5-year survey. The peak of queries for "ragweed" was sharper than that of "allergy."
Seasonality of Queries in American and European Countries
The 5-year GT differed largely between countries when the terms "ragweed" (translated and native language), "pollen," "allergy," and "hay fever" were assessed ( Fig. 1, 2 ; Table 2 ; online suppl. Fig. 1, 2) .
In 2 countries, it was impossible to assess GT accurately (Bulgaria and Greece). In 2 countries (Italy and the Netherlands) there was no increase in Google searches for the different terms during the summer. The term "pollen" was only searched for in the summer in Canada and Hungary. The term "ragweed" was searched for during the summer for all years in 12 countries. The term "allergy" was searched for between 4 and 5 years in 6 countries, twice or 3 times in 4 countries, and not at all in 5 countries. On the other hand, the terms "pollen" or "hay fever" were rarely searched for across the 5 years, and never in 14 and 13 countries, respectively.
Patterns of pollen seasons were compared for spring (March to June) and summer (July to September; Fig. 1,  2 ; Table 2 ; online suppl. Fig. 1, 2 ). For Canada, Croatia, and Romania, a similar pattern was found in spring and summer. In 8 countries, patterns differed between the spring and summer. "Allergy" was searched in all countries for all 5 years during the spring season and in 7 out of 11 countries during the summer season. However, Five-year GT for "allergy" (green lines), "hay fever" (blue), "pollen" (yellow), and "ragweed" (red) using GT-translated terms.
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Discussion
In the present study, searches for "ragweed" as a plant in 15 countries with a demonstrated pollen season show that the term can be used with the GT translation in 6 countries. Translations in the native language by GT were needed in 5 countries. In 4 countries, we were unable to identify a GT peak for "ragweed." However, when it exists, the peak for "ragweed" queries is easier to detect than the peak of "allergy" queries. There were apparent cultural differences in the knowledge or awareness of the terms between the spring and the summer pollen seasons in most countries. In countries with a high prevalence of ragweed pollen allergy, it is important to use "ragweed" (native language and GT translation) in addition to "allergy," "pollen," and "hay fever" to account for the pollen seasons using GT.
GT reflects the proportion of specific queries in relation to all queries. Although the terms were translated into the different languages using the automatic Google Translator, the reporting of GT differed widely between countries. We checked if the translation was appropriate for all countries and major differences appeared to be associated with translation issues for Croatia, Hungary, Romania, Serbia, and Slovenia. It appears that there are country-specific trends towards a different awareness and different use of allergy terms, which may represent cultural differences.
In the present paper we did not compare GTs with pollen counts as they are not available for all countries. We are currently analysing French data to make a direct comparison between all pollen seasons and GTs. For ragweed pollen, the time of occurrence of GTs is very similar across countries and in line with the ragweed pollen season. The selection of countries was based on a recent review in European countries [22] and the known ragweed pollen season in the former Yugoslavian countries [23] , Canada, Russia, and Ukraine [24] . It is unclear how generalisable these findings are beyond these 15 countries under study.
The association between "pollen," "ragweed," and "allergy" searches differed between countries. However, "ragweed" was clearly identified in 12 of the 15 countries with a known ragweed pollen season. We then attempted to assess certain regions, such as Lombardy, and there was no difference. In Greece and the Netherlands, searches for "ragweed" were also not significant. Data were not interpretable in Bulgaria. These differences may be related to several possibilities: (i) the word "ragweed" is not the correct term used in the country; (ii) the translation of "ragweed" by GT is often incorrect (Croatia, Hungary, Romania, Serbia, and Slovenia); (iii) the pollen season did not induce severe symptoms in the country, which is possibly the case for Greece and the Netherlands -although countries were selected from a review assessing both the amount of ragweed pollen found in the atmosphere and the prevalence of the ragweed allergic population, severity was not reported [22] ; (iv) an insufficient number of affected people in the country, and (v) cultural differences between countries cannot be appreciated. We have previously shown that such differences exist for AR and pollen, demonstrating country patterns [20] . Other possibilities include: (i) differences in media coverage of the ragweed pollen season, and (ii) known biases of GT, including the masking of some terms by a very high level of searches for 1 term relative to "ragweed." However, we used 2 different searches (with and without "allergy").
An important finding is represented by the differences in searches between the spring and summer pollen seasons. The terms "pollen" and "hay fever" were rarely searched for in the summer, suggesting some cultural differences between countries and/or awareness. It would be of interest to assess whether differences in the 2 seasons are associated with different treatment patterns. This can be done using the MASK sentinel network [1] or apps that can help monitor the treatment of AR in a large sample size observational study.
The May to June "ragweed" peaks detected in Austria and France are likely to represent awareness peaks since ragweed does not pollinate during these months. In particular, the 2015 May peak was associated with a paper on ragweed pollen and climate change that was published on May 25, 2015, and attracted substantial media interest [25] . In France, other peaks are found in May to June and may possibly be related to the information on Ragweed International Day, which is usually largely publicised. It is therefore of importance to correlate GT for "ragweed" with the expected pollen season. It is also important to correlate the pollen season with "ragweed" queries.
GT may be of interest in the differentiation of pollen seasons when they overlap, as is the case for many countries, including Austria, Canada, Hungary, and Slovenia. However, other tools may be used, such as Twitter [26] .
The results of the current study will be used in the development of the MASK sentinel network [1] . MASK (MACVIA ["Contre les Maladies Chroniques pour un VIeillissement Actif"]-ARIA Sentinel Network) uses mobile technology to develop care pathways for the management of rhinitis and asthma by a multidisciplinary group or by patients themselves [27, 28] . The scaling up strategy uses the recommendations of the European Innovation Partnership on Active and Healthy Ageing [29] .
